The oils of the flowers, stems and leaves of Astrodaucus orientalis L. were separately extracted using hydrodistillation (HD), head-space solid-phase microextraction (HS-SPME) and microwave assisted head-space solid-phase microextraction (MA-HS-SPME). The volatile constituents were analyzed by GC and GC/MS. Temperature and time of extraction, microwave power and exposure time of extraction were optimized. Polydimethylsiloxane (PDMS) fiber was used as the solid phase for SPME methods. The main constituents of the flower, stem and leaf oils isolated by HD, HS-SPME and MA-HS-SPME are as follows, respectively: β-pinene (20.5%, 13.9% and 30.4%), α-thujene (8.7%, 16.2% and 10.9%) and α-pinene (7.6%, 14.3% and 10.9%) for the flowers, sabinene (11.8%, 32.3% and 11.8%), α-pinene (8.7%, 28.8% and 6.1%) and p-mycrene (2.5%, 12% and 8.5%) for the stem, and α-pinene (9.4%, 37.1% and 22.5%), sabinene (13.5%, 26.3% and 23.5%), β-pinene (6.3%, 9.8% and 10%) and p-mycrene (3.2%, 2.5% and 15.6%) for the leaf. The minimum inhibitory concentrations (MIC) were determined for all essential oils obtained by HD against both Gram-positive (Bacillus subtilis) and Gram-negative (Escherichia coli) bacteria using the agar dilution method. These oils showed the good activities against the both bacteria (0.5 -1.5 mg/mL).
The genus Astrodaucus is represented in the flora of Iran by two species: A. orientalis (L.) Drude and A. persicus (Boiss.) Drude [1] . Coumarins have been previously identified in a solvent extract of the aerial parts of A. orientalis [2] . Previous studies of the essential oil of A. orientalis were performed using the hydrodistillation method (HD) [3] , while head-space solid-phase microextraction (HS-SPME) and microwave assisted head-space solid-phase microextraction (MA-HS-SPME) have not been studied for these oils. The essential oils of A. orientalis leaves and seeds were analyzed and the major components of the leaf oil were fenchyl acetate (44.5%) and α-pinene (21.6%), but the major constituents of the seed oil were myrcene (47.7%) and β-pinene (21.8%). The seed oil was found to contain lower amounts of bornyl acetate, germacrene D and δ-cadinene than that of the leaf oil [4] .
Applications of SPME methods in biological and environmental samples have been reported and compiled [5a-5c], but only a few papers have appeared related to headspace applications of volatile compounds, flavor and fragrances, and their component analysis. It is worthwhile to mention that HS-SPME is a non-destructive modern application for trapping/extracting volatiles and fragrances [5b, 6, 7] . Recently, microwave-assisted techniques have been described as time and energy saving, highly efficient, and have been widely used for the extraction of plant essential oils [8a-8c,9a,9b]. Development of a novel technique combining the advantages of microwave extraction and SPME is very interesting. In 2003, microwave-assisted headspace solid-phase microextraction (MA-HS-SPME) was developed as a simple and effective method for fast analysis of volatile compounds from Eucalyptus citriodora Hook leaf [9b].
Essential oils are potential sources of novel antimicrobial compounds, especially against bacterial pathogens [9c]. Although antimicrobial activity can be enhanced by a single chemical compound, it usually seems to be as a result of the synergy among many chemical compounds present in the oils. For instance, Sonboli et al. reported that the antimicrobial activity of essential oils from Salvia species was remarkably dependent on the synergy between linalool, 1,8-cineol, α-pinene, β-pinene, β-caryophyllene and limonene [10a] . Sabinene [10b], eudesmol [11, 12] and many chemical components of the essential oil showed antibacterial activity.
In this paper, the effects of the different isolation methods on the quantity and quality of oils of the flower, stem and leaf of A. orientalis were studied, and then the antibacterial activities of the oils obtained by hydrodistillation against Bacillus subtilis and Escherichia coli were investigated.
HS-SPME was carried out at three temperatures: 60, 70, and 80°C, for 3, 5 and 7 min. By increasing the extraction temperature, the extraction rate increased, and simultaneously the distribution constant decreased. Therefore, an adequate temperature is required to obtain satisfactory sensitivity and extraction rate. The results, as shown in Figures 1A and 1B , indicate that the highest amounts of the main volatile fractions were obtained at 70°C and after 5 min exposure time. It seems that at this time, the HS-SPME process reaches an equilibrium and SPME has a maximum sensitivity at this point. Increasing the sample weights increased the concentrations of the volatile fractions in the headspace, but also decreased the volume of the headspace [13] . Samples of 0.5, 1 and 1.5 g were placed in the SPME vial and the HS-SPME process was performed for 5 min at 70°C. The total peak areas of the extracted components were plotted for different weights of samples ( Figure 1C ). Since a 250 Natural Product Communications Vol. 7 (2) 2012
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The microwave power and extraction time are two important parameters in MA-HS-SPME that can increase the efficiency of extraction up to a certain level, but further increases in both microwave power and extraction time can increase the temperature of the head space, and then the distribution constant and extraction efficiency are reduced. Thus the appropriate values for these parameters must be used for extraction [14a] . The optimization of microwave power was carried out at 400, 600 and 800 W for 3, 5 and 7 min in MA-HS-SPME. Figures 1D and 1E show the variations in some constituents at different microwave powers and exposure times. A power of 400 W and 5 min extraction gave the best results. Samples of 3, 4, 5 and 6 g were subjected to the MA-HS-SPME procedure at 400 W for 5 min. Based on the total peak areas of isolated volatiles, a 4 g sample weight was selected for all MA-HS-SPME experiments ( Figure 1F ). A slight decrease in the % leaf % flower % stem KI * Compound HD HS-SPME a MA-HS-SPME a HD HS-SPME a MA-HS-SPME a HD HS-SPME a MA-HS-SPME a 1290 extraction rate of compounds was observed with increasing sample weights of more than 4 g; this may be due to the low volume of the flat-bottom flask that was used as the container in MA-HS-SPME.
Then, under the optimum conditions, flower, stem and leaf oils of A. orientalis obtained by HD, HS-SPME and MA-HS-SPME were investigated by GC and GC/MS. Our investigations revealed that the essential oils obtained by different extraction methods differed in composition. The flower essential oil contained 32, 32 and 12 constituents, respectively, the stem essential oil 38, 15 and 26, and the leaf essential oil 23, 29 and 33 constituents using HD, HS-SPME and MA-HS-SPME methods, respectively. The chemical compositions of the essential oils obtained by HD, HS-SPME and MA-HS-SPME for each part of the plant are tabulated in Table 1 . Figure 2 shows the variation of the concentrations of monoterpene and sesquiterpene hydrocarbons and oxygenated compounds for the flower, stem and leaf essential oils obtained by each method. The properties of the PDMS fiber are suitable for extraction of volatile and non-polar compounds, and hence the percentages of monoterpenes obtained by SPME methods (HS-SPME and MA-HS-SPME) are higher than that of the hydrodistillation method. As the MW method permitted more efficient extraction of oxygenated compounds, the percentages of oxygenated compounds extracted by MA-HS-SPME are higher than that of HS-SPME ( Figure 2 ). The antibacterial activities of the essential oils against Bacillus subtilis and Escherichia coli are summarized in Table 2 . As the essential oils of the stem and leaf were nearly the same, they showed the same antibacterial growth inhibition. The essential oil of the flowers showed the least antibacterial activity. It appears that the higher percentages of sabinene, α-eudesmol and terpinene-4-ol in the leaf and stem oils were responsible for the higher antibacterial activity.
Experimental
Plant material: The aerial parts of A. orientalis at the flowering stage were collected from Abshineh of Hamedan, in June 2008. A voucher specimen (voucher number: HSBU-1246) was deposited in the herbarium of Shahid Beheshti University. The flowers, stems and leaves of the samples were separated and dried in shade.
Hydrodistillation:
The dried flower, stem and leaf samples (30, 100 and 30 g, respectively) were subjected to hydrodistillation using a Clevenger apparatus for 3 h. The oils were dried over anhydrous Na 2 SO 4 and stored in sealed vials at 4°C before analysis.
HS-SPME analysis:
The manual SPME device (Supelco, USA), with a polydimethylsiloxane (PDMS, 65 µm) fiber, was used for extraction of the plant volatiles. Before use, the fiber was conditioned as recommended by the manufacturer. The dried samples of flower, stem and leaf were powdered. One g of each sample was placed in a 15 mL SPME vial and then the vial lid covered by a septum and closed with an aluminum cap. To reach 70°C, the vial was placed in a circulating bath. After reaching the desired temperature the PDMS fiber was pushed through the sample container cap for exposure to the headspace of the material for 
MA-HS-SPME analysis:
The microwave oven used for MA-HS-SPME was a Milestone MicroSynth, 2450MHz, with a maximum power of 1000W and an ACTE0 sensor. The manual SPME device (Supelco, USA), with a polydimethylsiloxane (PDMS, 65 µm) fiber, was used. Four g of dried and powdered samples of flower, stem and leaf were soaked in 5 mL of distilled water at room temperature (25°C) in order to hydrate the external layers of the plant material. After 1 h, the excess water was removed, and the moistened plant material placed in a flat-bottom flask. The power of the oven was 400 W for 10 min in order for the temperature to reach 95°C, and the PDMS fiber was exposed to the head-space for 5 min.
Gas chromatography and gas chromatography-mass spectrometry: GC analyses of the oils were performed on a Shimadzu 15A gas chromatograph equipped with a split/splitless injector (250°C). Nitrogen was used as carrier gas (1 mL/min) and the capillary column was a DB-5 (30 m x 0.25 mm, film thickness 0.32 m). The column temperature was kept at 60°C for 3 min and then heated to 220°C, with 5°C /min rates and kept constant at 220°C for 5 min. Relative percentage amounts were calculated from peak areas using a Shimadzu C-R4A Chromatopac, without the use of correction factors. GC-MS analyses were carried out on a Hewlett Packard (HP) 6890 GC-MS system equipped with a HP-5MS column (30 m × 0.25 mm i.d., film thickness 0.25 μm); oven temperature program was 60°C to 220°C at a rate of 6°C /min; transfer line temperature, 280°C; injector temperature, 250°C; carrier gas, helium; flow rate, 1 mL/min. The ionization energy of the MS was 70 eV.
Antimicrobial activity: Minimum Inhibitory Concentrations (MICs)
of the essential oil were determined by the agar dilution method with respect to different test microorganisms, including Grampositive (Bacillus subtilis ATCC 6633) and Gram-negative (Escherichia coli PTCC 1330) bacteria. A series of 8 dilutions of the oils was prepared in ethanol (1 mL). Each dilute solution was added to molten Mueller-Hinton (MH) agar (19 mL) at 50°C to give final concentrations of 0.05, 0.10, 0.15, 0.25, 0.50, 1.00, 1.50, and 2.00 mg/mL. The bacteria inocula were prepared by suspending overnight colonies from MH agar media in sterile saline. The inocula were adjusted photometrically at 600 nm to a cell density equivalent to approximately 107 CFU/mL. The plates were spotinoculated with 1 μL of each prepared bacterial suspension (104 CFU/spot), including a control plate containing 1 mL ethanol without any essential oil. The plates were incubated at 35-37°C and examined after 48 h.
Identification of components:
The components of the oils were identified by comparison of their MS with either those of a computer library (Wiley 275 database) or with authentic compounds [14b], and confirmed by comparison of their retention indices, either with those of authentic compounds or with data published in the literature. The retention indices were calculated for all volatile constituents using a homologous series of n-alkanes.
